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Abstract
This paper described the forward mode roll coating process of generalised
non-Newtonian fluids characterised by the Ellis model. The fluid in the
coating bead and the free surface formation are described by the lubrication
approximation and the stability is also considered using a perturbation anal-
ysis of the downstream meniscus. Results highlight the complex behaviour
of this coating process and volume flow rate and film thickness results are
obtained for a range of operating conditions. The stability of the downstream
meniscus is observed to improve with increasing level of shear thinning when
τ 1
2
(the shear stress at which the viscosity is half that of the zero shear stress
viscosity) is small, however as τ 1
2
increases the meniscus stability decreases
with increasing levels of shear thinning.
Keywords: Roll coating, Generalised Newtonian fluid, Ellis viscosity
model, fluid mechanics, mathematical modelling.
1. Introduction
The application of liquid layers onto a solid substrate is a commonly
encountered industrial process. The long list of coated products includes
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packaging material, printed media, photographic film, magnetic media such
as video and audio cassettes and optical media such as compact discs. As
such, an almost equally wide range of equipment is used to manufacture
these coated products, including roll coaters, where the transfer of fluid to
the substrate is via a series of fluid coated rollers. The simplest geometry is
a two roll coater of which there are two modes of operation of roll coaters -
forward or reverse roll coating, these modes are shown in figure 1. In forward
roll coating the two rolls pass through the coating bead in the same direction
(i.e. the rolls are counter-rotating), in the reverse case the opposite is true
with the two rolls passing through the coating bead in the same direction
(i.e. co-rotating). Both forward and reverse roll coating may be operated
with a flooded or starved inlet [27]. These definitions correspond to the film
thickness entering the coating bead relative to the minimum gap between the
rolls. When the thickness of the liquid film entering the coating bead is of
the same order or greater than the gap between the rolls a rolling bank of
fluid may form and be returned to the coating pool [6]. When the liquid film
is significantly thinner than the roll separation, the upstream meniscus plays
an important part in determining the pressures throughout the coating pool
and on the entire coating process in general [5, 11, 12, 10]. In the current
work the flooded forward roll coating case is examined, a problem encoun-
tered in a range of coating processes, for example the transfer of fluid from a
metering to applicator roll. Invoking the lubrication approximation forward
roll coating has been analysed by numerous authors [3, 14, 13, 26, 7]. As
part of these analyses a range of pressure boundary conditions were applied
at the upstream and downstream menisci. These conditions vary in com-
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plexity and their ability to describe surface tension effects. The propensity
of coating fluids that exhibit shear thinning behaviour has led to the analysis
of the forward roll coating process when operated with such fluids. Coyle et
al. [8] analysed the lubrication problem for shear thinning fluids obeying the
power law and compared the lubrication theory derived solutions to a full
two dimensional finite element formulation of the problem for shear thinning
fluids obeying the more general Carreau-Yassuda fluid model. Applying the
lubrication approximation and the Prandtl-Hopkins condition [20, 14] they
obtained an elegant relationship for the ratio of film thicknesses leaving the
bead to that of the roll speeds:
T1
T2
= S
n
n+1 , (1)
where T1 and T2 are the film thicknesses on the upper and lower rolls re-
spectively, S is the ratio of speeds of the top to bottom rolls and n is the
power law index. In both the finite element analysis and lubrication model
the effect of an increase in shear thinning behaviour (a decrease in n) was
to increase the flow rate through the coating bead and move the film split
location further from the point of minimum separation of the two rolls.
One of the major difficulties associated with assessing the effect of shear
thinning on a coating process is in defining the viscosity that characterises
the process. In the case of the analysis of Coyle et al. [8] neglecting the sur-
face tension effects, and thereby solving the problem for an infinite capillary
number (ratio of viscous to surface tension forces), avoided this problem.
Considering surface tension forces in addition to viscous ones, as is under-
taken in the work presented here, requires a capillary number to be defined
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as a function of a characteristic viscosity. Consequently any assessment of
shear thinning effects will depend on this relationship and the rheological
model.
A number of computational studies of visco-elastic fluids have been under-
taken. The visco-elastic nature of the fluid together with the requirement to
establish the free surface location as part of the solution make such problems
complex. In addition to the conservative equations, the general conformation
tensor based constitutive equation must be solved, from which the polymeric
contribution to the stress tensor is obtained [18, 4]. Romero et al. [24] and
Bajaj et al. [2] studied slot coating of visco-elastic fluids onto a moving sub-
strate. Similarly, Quintella et al. [21] examined both computationally and
experimentally the displacement of a visco-elastic fluid filled capillary tube
by a semi-infinite slug of air. The complexity of the computational models
for visco-elastic fluids illustrates the need for a simplified model capable of
capturing the physics of the fluid film deposition process, one such model
was developed by de Ryck and Que´re´ [9] who used a very elegant lubrication
based asymptotic analysis - assuming a Poiseuille velocity profile - to obtain
an equation describing the residual fluid film deposited on a wire withdrawn
from a fluid filled gap. With only a single adjustable parameter, obtained
from experimental data, the analysis provides a useful tool to enable the in-
fluence of the different parameters effecting the process to be examined. A
similar analysis was undertaken by Ashmore et al. [1] who developed a more
general analysis for a range of different geometries in the limits of when the
fluid rheology is either dominated by shear thinning effects or elastic effects.
In common with the analysis of [9] a quadratic velocity profile is assumed as
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the constitutive equations lacked an analytical solution. Their model showed
excellent qualitative agreement with the experiments they undertook, with
quantitative agreement observed for the shear-thinning dominated flows. In
order to fully analyse the effects of shear thinning the current analysis is
restricted to generalised Newtonian fluids only (i.e. when the Weissenburg
number goes to zero), furthermore it permits a stability analysis to be un-
dertaken.
1.1. Scope of Paper
This paper examines the forward roll coating process of a fluid obeying
the Ellis model [22, 16] by means of the usual lubrication approximation.
The Ellis model was chosen as it is able to describe shear thinning fluid
behaviour at low shear stresses - essential if free surface flow is considered [17].
Importantly for forward mode roll coating where meniscus stability can be an
issue the stability of the coating bead is analysed by examining the restoring
forces resulting from a perturbation in meniscus location [25].
2. Coating Model
The model is divided into two components illustrated in figure 2; (i) the
lubrication model of the flow between the two rolls together with an upstream
boundary condition p∞ = 0, consistent with a fully flooded inlet [12], (ii) the
film splitting model that describes the downstream meniscus.
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2.1. Lubrication Flow
By making the lubrication assumption that the flow is unidirectional [23]
the balance of pressure and viscous forces is written:
d
dY
[
η
dU
dY
]
=
dP
dX
, (2)
where η is the local fluid viscosity, Y is the coordinate perpendicular to the
near parallel roll surfaces andX the direction parallel to the local roll surface,
P is the local pressure. For Ellis fluids the local viscosity is a function of
shear stress, τ :
η =
η0
1 +
∣∣∣∣ ττ 1
2
∣∣∣∣
α−1 , (3)
where η0 is the zero shear stress viscosity, τ 1
2
the shear stress at which the
viscosity is half the zero shear viscosity and α is a constant analogous to
the inverse of the power law index when modelling the flow as a power law
fluid. Note that as the zero shear stress viscosity (as defined in the Ellis
model) tends to infinity the Ellis model collapses to the power law model
and α → 1
n
. The dimensionless form of equations (2) and (5) used in the
subsequent analysis are,
d
dy
[
η
du
dy
]
=
dp
dx
, (4)
η =
1
1 +
∣∣∣∣ ττ 1
2
∣∣∣∣
α−1 , (5)
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using the following non-dimensional scalings,
p =
PH
η0U1
τ =
Hτ
η0U1
[x, y] =
[X, Y ]
H
(6)
where H is the minimum roll-to-roll gap and U1 is the lower roll peripheral
speed. From the lubrication assumptions the shear stress is the product of
the local viscosity and velocity gradient, τ = η du
dy
. This permits equation (4)
to be written as,
dτ
dy
=
dp
dx
(7)
which on integration with respect to y results in
τ =
dp
dx
y + c1 (8)
where c1 is the shear stress at y = 0. Multiplying the Ellis equation (5)
describing the fluid by the velocity gradient du
dy
and rearranging gives,
du
dy
= τ + τ
∣∣∣∣∣ ττ 1
2
∣∣∣∣∣
α−1
, (9)
into which equation (8) can be substituted resulting in,
du
dy
=
dp
dx
y + c1 +
1
τ 1
2
(
dp
dx
y + c1
) ∣∣∣∣dpdxy + c1
∣∣∣∣
α−1
. (10)
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Equation (10) can now be solved for u, taking care to correctly consider the
absolute terms,
u =
1
2
dp
dx
y2 + c1y +
∣∣ dp
dx
y + c1
∣∣α−1 − |c1|α−1
τα−11
2
dp
dx
(α + 1)
+ u0. (11)
Further integration of equation (11) results a relationship between the flux,
q, and the pressure gradient, dp
dx
.
q =
1
6
dp
dx
h3+
1
2
c1h
2+
1
τα−11
2
dp
dx
(α + 1)
[(
dp
dx
h+ c1
) ∣∣ dp
dx
h+ c1
∣∣α+1 − c1 |c1|α+1
dp
dx
(α + 2)
− |c1|
α+1
h
]
+u0h.
(12)
The film thickness, h, is calculated by the following parabolic approximation
for the two rolls,
h = 1 +
x2
2R1
+
x2
2R2
, (13)
where R1 and R2 are the non-dimensional radii of upper and lower rolls
(throughout the paper R1 = R2 = 500).
2.2. Free Surface Lubrication Flow
The second part of the model is that which describes the film splitting at
the downstream meniscus. Here those equations describing the free surface
flow of an Ellis model fluid and those describing the local pressure due to the
meniscus radius of curvature are solved. As the rolls are operated at differ-
ent speeds the equations were solved for each roll surface with appropriate
boundary conditions used to describe the point of film splitting. The prob-
lem is divided into the upper and lower roll films and the problem is defined
along the free surface. The lubricating flow on the upper and lower rolls is
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first considered. Using the usual lubrication assumptions and by assuming
the air phase has negligible density and/or viscosity leading to zero shear
stress at the free surface (y = 0 with y increasing in towards the substrate)
equation (10) becomes,
du
dy
=
dp
dx
y +
1
τ 1
2
(
dp
dx
y
)α
. (14)
The absolute terms are removed as the pressure gradient can be assumed to
be positive, resulting from an assumed progressively decreasing film thickness
from the point of film splitting to the final film thickness. Equation (14) can
then be used to obtain the velocity of the flow with the boundary condition
u2 = S at y2 = h2 or u1 = 1 at y1 = h1 for the upper and lower rolls
respectively1,
u1 =
((
dp
dx
∣∣
1
y
)α+1
−
(
dp
dx
∣∣
1
h1
)α+1)
τ 1
2
1−α
dp
dx
∣∣
1
(α + 1)
+
(
1 +
1
2
(
y1
2 − h1
2
) dp
dx
∣∣∣∣
1
)
,
(15)
u2 =
((
dp
dx
∣∣
2
y
)α+1
−
(
dp
dx
∣∣
2
h1
)α+1)
τ 1
2
1−α
dp
dx
∣∣
2
(α + 1)
+
(
S +
1
2
(
y2
2 − h2
2
) dp
dx
∣∣∣∣
2
)
.
(16)
1Subscripts 1 and 2 denote the lower and upper rolls respectively.
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Further integration across the film provides the flow rate on each roll,
q1 =
−3τ 1
2
1−αh1
α+2 dp
dx
∣∣
1
α
− h1
(
dp
dx
∣∣
1
h1
2 − 3
)
(α + 2)
3α + 6
, (17)
q2 =
−3τ 1
2
1−αh2
α+2 dp
dx
∣∣
2
α
− h2
(
dp
dx
∣∣
2
h1
2 − 3S
)
(α + 2)
3α + 6
. (18)
By applying Newton’s method to the flux equations (17) and (18) the pressure
gradients can be obtained iteratively from,
dp
dx
∣∣∣∣
{i+1}
1
=
dp
dx
∣∣∣∣
{i}
1
+ A
(
dp
dx
∣∣∣∣
{i}
1
)
, (19)
dp
dx
∣∣∣∣
{i+1}
2
=
dp
dx
∣∣∣∣
{i}
2
+ B
(
dp
dx
∣∣∣∣
{i}
2
)
, (20)
where,
A
(
dp
dx
∣∣∣∣
{i}
1
)
=
dp
dx
∣∣∣∣
{i}
1
3qα− 3hSα + h3 dp
dx
∣∣{i}
1
α + 3τ−α+1
(
dp
dx
∣∣{i}
1
h
)α
h2 + 2 dp
dx
∣∣{i}
1
h3 − 6Sh+ 6q(
h dp
dx
∣∣{i}
1
α + 3τ−α+1
(
dp
dx
∣∣{i}
1
h
)α
α + 2 dp
dx
∣∣{i}
1
h
)
h2
,
(21)
B
(
dp
dx
∣∣∣∣
{i}
2
)
=
dp
dx
∣∣∣∣
{i}
2
3qα− 3hα + h3 dp
dx
∣∣{i}
2
α + 3τ−α+1
(
dp
dx
∣∣{i}
2
h
)α
h2 + 2 dp
dx
∣∣{i}
2
h3 − 6h+ 6q(
h dp
dx
∣∣{i}
2
α + 3τ−α+1
(
dp
dx
∣∣{i}
2
h
)α
α + 2 dp
dx
∣∣{i}
2
h
)
h2
.
(22)
In addition to the balance of viscous and pressure forces as described by
equations (19) and (20) the local pressure can be obtained from the curvature
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of the free surface,
dθ
ds
∣∣∣∣
1
= Ca p1, (23)
dθ
ds
∣∣∣∣
2
= Ca p2, (24)
where Ca is the capillary number and is the ratio of viscous to surface tension
forces given by,
Ca =
η0U1
σ
, (25)
where σ is the liquid-gas interfacial surface tension. From conservation of
mass it is clear that,
dq
ds
∣∣∣∣
1
= 0 and
dq
ds
∣∣∣∣
2
= 0, (26)
where s is the distance along the free surface. The final equations required
to close the problem are geometric considerations, the first being the relation
between x and s:
dx
ds
∣∣∣∣
1
= cos θ1 and
dx
ds
∣∣∣∣
2
= cos θ2, (27)
and the relation between h and s:
dh
ds
∣∣∣∣
1
= sin θ1 and
dh
ds
∣∣∣∣
2
= sin θ2, (28)
Noting that dp
ds
= dp
dx
dx
ds
, equations (19), (20), (23), (24), (26), (27) and (28) are
able to describe the change in film thickness from the point of film splitting to
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the fully developed film. In order to make the equations tractable boundary
conditions are required. The boundary conditions appropriate to the problem
are:
1. θ1 = 90
◦ at s1 = 0 (location of film splitting),
2. θ2 = 90
◦ at s2 = 0,
3. q1 + q2 = q , i.e. the total flux on both roll surfaces is equal to that
passing between the rolls,
4. p1 = p2 at s1 = s2 = 0
5. p1 → 0 as s1 →∞,
6. p2 → 0 as s2 →∞,
7. θ1 → 0
◦ as s1 →∞,
8. θ2 → 0
◦ as s2 →∞,
9. q1 → h1 as s1 →∞,
10. q2 → Sh2 as s2 →∞,
Subscript 1 denotes the boundary condition is at the location of film splitting,
subscript 2 refers to a distance of s = 75 from the location of film splitting (see
figure 2), this was considered far enough downstream for the film to be fully
developed. This was confirmed checking independence of solutions for s >
75 for the lowest capillary number cases considered. With these boundary
conditions it was possible to solve all 10 ODEs and obtain a solution for the
film splitting problem.
2.3. Stability Analysis
The small disturbance stability of the downstream meniscus was analysed
using the stability criteria of Pitts & Greiller[19] and Savage[25]. The anal-
ysis examines the forces acting on the meniscus when subjected to a small
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perturbation. Whether the force acts to restore the original meniscus loca-
tion or increases the perturbation determined the stability. This is given by
the following condition:
dp
dx
∣∣∣∣
Lubrication
−
dp
dx
∣∣∣∣
Meniscus
< 0, (29)
where dp
dx
∣∣
Lubrication
is the full film regime at the point of film splitting and
dp
dx
∣∣
Meniscus
is the change in capillary pressure due to the perturbation. The
pressure gradient dp
dx
∣∣
Lubrication
is taken directly from the lubrication approx-
imation for the flow at the point of film splitting. The pressure gradient
dp
dx
∣∣
Meniscus
was obtained numerically by calculating the location and pres-
sure of the meniscus at a flow rate 0.1% above and below the equilibrium
condition.
2.4. Numerical Implementation
A shooting method was used to obtain the flow rate for which the pres-
sure at the downstream meniscus was the same as that obtained from the
free surface model described in the next section. In order to achieve this the
pressure gradient is required as a function of the flow rate. A hill climbing
bracketing procedure was adopted [15] to obtain the flux which gives con-
sistent pressures throughout the coating bead (based on zero fluid pressure
far upstream of the coating bead). A further complication was that that c1
is also unknown, to solve this variable a further search (a further bracketing
procedure) was used to obtain the upper roll speed when y = h is substi-
tuted into equation (11). From an initial flux the pressure at the downstream
meniscus is calculated using the equations describing the film splitting. Equa-
13
tions (19), (20), (23), (24), (26), (27) and (28) were solved using Matlab’s
boundary value problem solver bvp4c and used to give the pressure at the
downstream meniscus. This was then compared with the pressure at this
downstream location as determined by the lubrication equation in the fluid
coating bead. The pressure distribution in the coating bead was obtained by
searching for the shear stress, c1 and pressure gradient that were consistent
with equations (11) and (12). The search for the flux through the coating
bead was then repeated until the downstream pressures were entirely con-
sistent (within an error of ∆p < 1 × 10−6). Each calculation took less than
one minute on a (3GHz desktop PC). Checks for mesh independence and
convergence of the searches were checked and the flow rate is estimated to
be within 1% of those values presented here.
2.5. Domain Space
Following a preliminary study of the coating process, an array of param-
eters were defined for consideration, see table 1.
3. Results
An example of the free surface profile (illustrating the differeing film thick-
nesses on the two rolls), together with the pressure distribution along the film
surface is shown in figure 3. Pressures are identical at the film split point
and become zero far downstream of the film split where the film is planar.
3.1. Flow Rate Through the Coating Bead
In analysing the data produced by the model let us first turn to the
volume flow rate passing through the coating bead as shown in figures 4
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and 5. Figures 4(a) to 4(d) illustrate how the predicted volume flow rate
passing through the coating bead varies with capillary number and α. It
is clear that as the capillary number increases then the flow rate through
the coating bead decreases, a result of the less negative capillary pressure at
the downstream meniscus “ sucking” fluid through the coating bead. When
considered in conjunction with figure 5 the importance of shear thinning on
the coating bead can be examined. It is clear that as the level of shear
thinning (as described by α) increases then the level of fluid passing through
the coating bead increases. This is as would be expected, as the capillary
number is based on the fluid’s zero shear viscosity and an increase in shear
thinning leads to the local fluid’s local viscosity to be lower than that on
which the capillary number is based, resulting in the same effect as reducing
the capillary number. A further feature that can be seen from figures 4
and 5 is that the effect of shear thinning increases as τ 1
2
decreases. The
free surface condition that the shear stress is zero (based on the lubrication
approximation applied here) leads to the local viscosity in the vicinity of the
free surface to be close to the zero shear viscosity, however the higher shear
stresses in the region of minimum gap between the two opposing rolls leads
to a lower local viscosity in this region. As τ 1
2
decreases more of the domain
is affected by the fluid’s shear thinning. It is proposed that this is the basis
for the increasing sensitivity to shear thinning as τ 1
2
decreases.
3.2. Film Thickness Ratio
The film thickness ratio, as defined by the ratio of the film thickness on the
top roll divided by that on the lower roll exhibits some interesting features, as
shown in figures 6 and 7. As with the flow rate passing through the coating
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bead, the greatest sensitivity of film thickness ratio to α is observed as τ 1
2
decreases. Decreasing fluid viscosity (as described by decreasing capillary
number and a decreasing τ 1
2
) also leads to an increase in the film thickness
ratio. Comparison with equation (1) derived by Coyle et al. [8] is provided in
figure 8. The equivalent power law index has been used, n = 1
α
and is based
on the collapse of the Ellis model onto that of the power law when τ12→ 0.
From the results, it can be seen that the best agreement between Coyle’s
equation and that of the model presented here is best for high capillary
numbers and low values of τ 1
2
, this is entirely as expected as Coyle’s equation
does not consider surface tension effects and applied the power law model to
describe the fluid viscosity, the results of which is that the viscosity tends
to infinity as the shear stress goes to zero. Despite this the agreement is
surprisingly good with the level of agreement deteriorating for low capillary
numbers and high values of τ 1
2
.
3.2.1. Stability
Figure 9 shows the critical capillary number (the upper limit) above which
it would expected that the ribbing instability would be encountered. The
left column describes the capillary number as a function of the lower roll
capillary number, Ca?1, while the right column shows the critical capillary
number of the upper roll, Ca?2 (= SCa
?
1), this effectively describes the max-
imum speed the coated substrate, wrapped around the upper roll, can pass
through the coating bead (and provides a measure of coating productivity).
It is interesting to note that for τ 1
2
= 0.1 as the level of shear thinning in-
creases (as described by an increasing α) then the critical capillary number
also increases, indicating an increase in stability of the coating bead. The
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decrease in fluid viscosity leads to a greater influence of surface tension de-
rived forces – increasing the stability. However, as τ1/2 is increase further
the stability of the downstream meniscus decreases with increasing levels of
shear thinning. It is hypothesised here that the reason for this is that the
highest shear regions, the region of the smallest gap between rolls, will ex-
hibit lower viscosities, increasing the volume flow rate passing through the
coating bead. This in turn results in the downstream meniscus lying further
downstream, decreasing the free surface curvature and pressure and impor-
tantly the restoring forces from a free surface perturbation. The lower shear
stresses experienced by the fluid in the region around the free surfaces lead
to relatively higher viscosities, and pressure gradients, thereby increasing the
instability of the menisci. The transition from a regime where an increasing
level of shear thinning leads to an improved stability to one where the reverse
is true occurs at around τ 1
2
= 0.2.
An increase in speed ratio leads to a decrease in stability of the coating
bead, as measured by the lower roll capillary number, however, the reverse
is true when the top roll is considered. The reason for this is that as the
speed ratio increases then for a constant lower roll speed the viscous forces
increase, decreasing the stability of the coating bead. The stability increases
when measured by the top roll’s capillary number because for a given upper
roll capillary number, increasing the speed ratio leads to a decrease in the
lower roll’s peripheral speed, decreasing viscous forces overall. This indicates
that as the speed ratio continues to increase the area of coated film produced
increases. A major practical limitation of this is that in order to flood the
coating bead a large enough volume of fluid must enter the bead on the lower
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roll, however as only the top roll’s speed is increasing with increasing speed
ratio the constant speed lower roll is delivering a constant volume of fluid
to the coating bead. It would therefore be expected that as the speed ratio
increases further the coating regime becomes that of the starved or meniscus
roll coating process, whereby the upstream meniscus must be accounted for
and is beyond the scope of this paper.
The film thickness deposited on the upper roll for a range of critical
capillary numbers is shown in figure 10. It is interesting to see that the film
thickness does not vary significantly from figure 10(a) to figure 10(b) despite
the significant variation in the bead stability between these two conditions.
This reflects the relative insensitivity of the film thickness ratio to the fluid
properties, when compared to the sensitiviy of the stability of the process to
fluid properties.
4. Conclusions
The model of forward roll coating of shear thinning fluids has highlighted
the complex response of the coating process to changes in operating param-
eters. Perturbation analysis of the downstream meniscus allows the stability
to be assessed and a predictions to be made. In particular:
• A decrease in the fluid viscosity, as prescribed by decreasing the capil-
lary number or increasing the level of shear thinning leads to an increase
in the volume of fluid passing through the coating bead.
• The ratio of film thicknesses on the upper roll surface to that of the
lower roll surface is most sensitive to shear thinning for low values of
τ 1
2
.
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• The stability of the downstream meniscus as measured by the upper
roll’s capillary number (Ca?2) improves as the speed ratio increases.
• The effect of α on the meniscus stability is dependent on τ 1
2
, an increase
in α improves stability for low τ 1
2
and worsens stability as τ 1
2
increases
beyond τ 1
2
≈ 0.2. This suprising result illustrates that there is not a
clear characteristic viscosity for the problem, and that the shear stress
variation throughout the coating bead needs to be considered.
The ability of the model to predict the coating characteristics and the sta-
bility of the coating bead makes it a useful tool in developing forward roll
coating processes. This is especially true of the stability predictions which
can be provided in terms of the top roll critical capillary number, providing
a useful measure of the maximum productivity of a coating line depositing a
fluid with specific characteristics.
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b)a)
Figure 1: Schematic of roll coaters; a) forward, b) reverse.
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Location of film splitting
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Figure 2: Definition of problem domain showing the two regions; (i) the
lubrication flow between the two rolls and (ii) the film splitting of the fluid
film onto the upper and lower rolls.
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been used to demonstrate the different pressures and free surface profiles on
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Figure 4: Contours of volume flow rate passing through the coating bead
against capillary number and shear thinning parameter, α.
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Figure 6: Contour plots of the ratio of the fluid film thickness on the top
roll to that on the bottom roll against capillary number and shear thinning
parameter α.
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Figure 8: Contour plots of the ratio of the fluid film thickness on the top
roll to that on the bottom roll against speed ratio, S, and shear thinning
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Figure 9: Stability contours of critical lower and upper roll capillary number
for a range of speed ratios and fluid properties.
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Figure 10: Contours of film thickness at the critical capillary number for a
range of speed ratios and fluid properties.
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S 1→ 2
α 1→ 2
Ca 0.01→ 1
τ 1
2
0.1→ 2
R1 500
R2 500
Table 1: Parameter space investigated in this study.
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